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The eight homework are Problems 4 and 5.

Every linear programming problem has its dual, e.g.

e Maximize ¢z subject to Az>b and x > 0 — Primal program

e Maximize ¢z subject to —Ax < —b and x > 0 — Equivalent formulation
e Minimize —b'y subject to —ATy > ¢ and y > 0 — Dual program

e Minimize b"y subject to ATy > ¢ and y<0 — Simplified formulation

A dual of a dual problem is the (original) primal problem, e.g.

e Minimize b"y subject to ATy > ¢ and y > 0 — Dual program

-Maximize —b"y subject to ATy > ¢ and y > 0 — Equivalent formulation
-Minimize ¢z subject to Az > —b and x < 0 — Dual of the dual program
-Minimize —c'z subject to —Axz > —b and x > 0 — Simplified formulation
Maximize ¢'z subject to Az < b and > 0 — The original primal program

General rules:

Primal linear program | Dual linear program
Variables Zy,...,Tp Y, - Y
Matrix A AT
Right-hand side b c
Objective function maxclz minb'y
Constraints | i-the constraint has < y, >0
i-the constraint has > Yy, <0
i-the constraint has = Y, €R
;>0 j-th constraint has >
z; <0 j-th constraint has <
z; €R j-th constraint has =

Problem 1. Find the dual problem to the following linear programming problems and write the comple-

mentary slackness conditions.

1. max c’x subject to Az < b,
2. maxc’x subjectto Ax = b,z > 0,
3. min ¢z subject to Az = by, Ay > by.

Problem 2. Find the dual problem to the following linear programming problem and write the complemen-

tary slackness conditions.

Minimize  2x; — 2x3
subject to Tx1 + 1029 + 2253 < 23
21‘1 + 3$2 + T3 = 5
—4xy + 14xy — 3z3 > 11
T1 Z 0
T3 S 0
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Problem 3. Find the dual problem to the following two linear programming problems and write the com-
plementary slackness conditions.

1) Maximize x; — 2o + 3y
2) Minimize x; — 2o + 3x4
subject to To — by + x4 < 4
—x1 + 3xy — 3x3 =0
6xr1 — 229 4+ 223 — 4dxy > 5

12 <0, 2420

Problem 4. Write the dual problem and the complementary slackness conditions for the following linear
programming problem.

Minimize 2017 + 3xe — 4das
subject to 6xry, — Txe + 8xrz3 = 9
—10z; + 1lay — 1223 > 13
14%1 — 1 5[E2 + 16%3 S 17
T Z 0
i) S 0
I3 € R

Problem S. Write an integer linear programming problem for minimal weight perfect matching problem of
a graph. Consider the relaxation of that matching problem (i.e. ignore all integral conditions). Find the dual
problem of this relaxed problem and write the complementary slackness conditions (for the relaxed and the
dual problem).
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